• AIM: To compare the corneal biomechanics of Sjögren's
INTRODUCTION

T
here is a concept that dry eye can cause tear film instability and ocular surface damage by affecting the integrity of the corneal epithelium [1] . Since an intact corneal epithelium is responsible for the stability in corneal biomechanics [2] , the ocular surface impairment seen in dry eye may consequently affect corneal biomechanical behavior. Approximately 11% of dry eye patients suffer from Sjögren's syndrome (SS) [3] , which is a severe systemic autoimmune disease that primarily affects exocrine glands such as salivary and lacrimal glands, leading to dryness of the main mucosal surfaces and extraglandular manifestations. Dry eye is one of the most common clinical features of SS [4] [5] . Although the pathogenesis of SS dry eye (SSDE) and non-SS dry eye (NSSDE) are not completely understood, more severe ocular surface damage is observed in SSDE compared to NSSDE subjects [6] . Moreover, being a connective tissue disorder (CTD), SS includes lymphocytic infiltration in the exocrine glands and produces various autoantibodies, which are responsible for the tissue damage [7] [8] [9] . Because of the rich connective tissue in the cornea, local antigen-antibody reaction in SS subjects leads to lysis of the corneal collagen. As such, not only the epithelium, but also the stroma of the cornea can be involved [10] significantly affecting corneal biomechanics.
Due to the potential differences in the mechanism of corneal damage caused by SSDE and NSSDE, it is important to further clarify the different corneal biomechanics between dry eyes with or without SS.
To date, two machines are commercially available for observing corneal biomechanics, the Ocular Response Analyzer (ORA) (Reichert, Buffalo, New York, USA) available since 2005 [11] and Corneal Visualization Scheimpflug Technology (CorVis ST) (Oculus Optikgeräte GmbH, Wetzlar, Germany) since 2013 [12] . With the ORA, Firat and Doganay [13] reported no association of corneal biomechanical parameters with dry eye in non-SS subjects. We have previously detected a reduced highest concavity time (HC-time) for dry eyes without SS with CorVis ST, a recently developed dynamic Scheimpflug analyzer [14] . However, there are no reports comparing corneal biomechanics between dry eyes with or without SS using CorVis ST. Herein, we aimed to investigate the biomechanical properties of the cornea in SSDE patients and NSSDE patients with CorVis ST and determine the relationship between corneal biomechanics and tear film parameters, namely tear secretion value, tear film break-up time (TBUT) and corneal staining score (CSS), to detect the potential factors that may influence corneal biomechanical behavior. Since corneal biomechanical behavior can be altered by multiple autoimmune diseases associated with SS, such as systemic lupus erythematosus (SLE) [15] , rheumatoid arthritis (RA) [16] and systemic sclerosis (SSc) [17] , only primary SS patients were investigated in the current study.
SUBJECTS AND METHODS Subjects
This study was performed in accordance with the tenets of the Declaration of Helsinki and approved by the Ethics Committee of the Chinese Academy of Medical Sciences, Peking Union Medical College Hospital. Informed consent was obtained from all patients prior to participation in the study. Patients were consecutively recruited at Peking Union Medical College Hospital. All of the patients meet the criteria for dry eye according to the consensus for dry eye in China (2013) as described in our previous publication [14] . The dry eye patients were divided into two groups: patients with SS dry eye (SSDE group) and patients with non-SS dry eye (NSSDE group). The SSDE group comprised dry eye patients with primary SS referred to us from the Department of Rheumatology and Clinical Immunology according to criteria proposed by the AmericanEuropean Consensus Group [18] . Exclusion criteria included active ocular infection, systemic diseases other than primary SS, a positive history of ocular surgery, ocular diseases (e.g. corneal dystrophy, keratoconus, glaucoma, uveitis), systemic medication and local medication use other than artificial tears, subjects with refractive error (>3 diopters spheric and >1 diopter cylindric error), recent contact lens use (within 1mo), diabetes and pregnancy. Ocular Examinations All subjects received a complete ophthalmic examination including measurement of bestcorrected visual acuity (BCVA), slit-lamp microscopy, fundus examination, and tear film evaluations (Schirmer I test, TBUT and CSS). TBUT and CSS were observed using slit lamp biomicroscopy by masked investigator A, and a Schirmer I test was performed more than 20min after dye staining by masked investigator B.
Corneal Visualization Scheimpflug Technology Measurement
Corneal biomechanical examination was conducted using CorVis ST (Type 72100, Oculus Optikgeräte GmbH, Wetzlar, Germany) more than 20min after the above-mentioned ophthalmic examinations by masked investigator C. The working mechanism of CorVis ST has been described in our previous publication and related literature. In brief, ten phasespecific parameters were recorded during the measurement: A1-time and A2-time (the length of time from the start to the first and second applanation); A1-length and A2-length (the length of the flattened cornea at the first and second applanation); A1-Velocity (A1-V) and A2-Velocity (A2-V) (the corneal velocity during the first and second applanation); highest concavity-time (HC-time) (the length of time from the start until HC is achieved); peak distance (PD, the distance between the two peaks of the cornea at HC); HC radius (the central concave curvature at HC) and deformation amplitude (DA, the maximum amplitude from the start to when HC is achieved) [19] [20] [21] . Intraocular pressure (IOP), which was calculated based on the first applanation, and central corneal thickness (CCT) were also generated during the process. Only acquisitions that showed "OK" for quality of scan (QS) were analyzed. All measurements were performed between 8 and 11 a.m. to avoid diurnal variation. No eyedrops were applied 1d before measurement. (Figure 1) . None of the other CorVis ST parameters showed a statistically significant difference between the SSDE group and NSSDE group (P all >0.05). All parameters derived from CorVis ST in the two groups are outlined in Table 2 . Bivariate correlation analysis was performed to detect the correlations between the above three significantly different biomechanical parameters of the cornea with tear film parameters. In the SSDE group, DA was negatively correlated with TBUT (rho=-0.38, P=0.03) (Figure 2A ) where as HCtime was found to only be negatively correlated with CSS (rho=-0.43, P=0.02) ( Figure 2B ). In the NSSDE group, only HC-time had a significant negative correlation with CSS (rho=-0.39, P=0.02) ( Figure 2C ). The correlation coefficients and P values are shown in Table 3 . DISCUSSION Recently, the CorVis ST has allowed the assessment of corneal biomechanics in normal subjects independent of corneal morphological characteristics [22] and multiple diseased corneas, especially keratoconus (KC), glaucoma, myopic and eyes underwent corneal surgery [19, [23] [24] . Studies have showed that, DA was significantly higher in KC and could be useful in the diagnosis and management of KC patients, particularly with crosslinking (CXL) therapy. Significantly greater A1-time, lower DA and shorter HC-time values were detected in patients with primary open angle glaucoma (POAG) than The median for each data set is marked by the center line, with the error bars showing the minimum and maximum values of all of the data, n=34. healthy controls, indicating a less deformable cornea in POAG patients [25] [26] , and changes in corneal biomechanical propertiescan be seen after long-term topical prostaglandin therapy [27] . Early areas of interest for CorVis ST included management and screening for refractive surgery. Pedersen et al [28] reported similar reduction in corneal biomechanics after the flap-based laser-assisted in situ keratomileusis (LASIK), refractive lenticule extraction (ReLEx) and the flapfree ReLEx, small incision lenticule extraction (SMILE) when evaluated by CorVis ST. In this study, we identified significant differences with regard to three out of ten corneal biomechanical parameters between the SSDE and NSSDE group: DA, A1-time and HC-time. To the best of our knowledge, this is the first report addressing the corneal biomechanics in SSDE subjects using CorVis ST. Patients in the SSDE group yielded a significantly shorter A1-time and HC-time, but larger DA compared to the NSSDE group. Theoretically, DA is the displacement of the corneal apex in reference to the overlaid cornea in an initial state. A1-time and HC-time are the times from the start until the first applanation and when HC is achieved, therefore, all of the above three parameters are considered to be a reflection of corneal stiffness [21, 29] . The higher DA accompanied with a lower A1-time and HC-time in the SSDE group indicated less "stiffness" of the corneal tissue in dry eyes with SS compared to dry eyes without SS. The cornea is one of the most affected tissues in dry eye, with biomechanical properties that can be affected by the whole corneal layers and hydration [30] . Importantly, collagen in the Bowman's layer and stroma accounts for 80% of corneal dry weight and would be the major contribution to corneal biomechanical behavior [31] . Therefore, more severe corneal damage due to collagen lysis can be expected in SSDE compared to NSSDE, which consequently results in more weakened corneal biomechanics. This hypothesis is borne out by our findings that the cornea shows less "stiffness" in the SSDE group compared to the NSSDE group as represented by differences in corneal biomechanical parameters. Although inflammation has been shown to be a major factor in the pathogenesis of dry eye, and an uncontrolled cycle of inflammation can trigger ocular surface damage in dry eyes (either SS or non-SS) [1, [32] [33] , inflammation has been shown to be more severe in SSDE patients [34] [35] , reflected by the higher level of inflammatory cytokines in tear film and also the shorter telomere length in the lacrimal gland of SSDE compared to NSSDE subjects [36] . In line with other publications [36] [37] [38] , our study observed that dry eye associated with SS exhibited a significantly lower Schirmer I test value, shorter TBUT and higher CSS than non SS dry eye.
Statistical Analysis
To investigate the potential factors affecting biomechanical properties, we observed the relationship between the above three significant biomechanical parameters and tear film parameters. The results showed that HC-time was negatively correlated with CSS in both the SSDE and NSSDE groups.
As addressed by studies on keratoconus and after corneal refractive surgery, HC-time is the time from the start until the highest concavity is achieved, and a shorter HC-time may be associated with a less stiff cornea [28, 39] . CSS represents the anatomical integrity of the corneal surface and contributes to the grading of dry eye severity [1] . In the current study, we found a significantly negative effect of CSS on HC-time in the NSSDE group, which was in accordance with our previous study on dry eye without SS [14] , and we also detected a similar correlation in the SSDE group. Our finding suggested that greater corneal surface damage leads to a less stiff cornea, resulting in a shorter time to achieve the highest concavity. In addition to CSS, TBUT had a significantly negative effect on DA in the SSDE group, but not in the NSSDE group, which may reflect the potential effect of TBUT on corneal compliance in SSDE subjects. To the extent of our study, subjects in SSDE group were more predisposed to be affected by tear film parameters than the NSSDE group, and further studies are needed to confirm our findings. There were a number of limitations to this study. First, not all of the CorVis ST parameters have ideal repeatability in adults studies, although DA, A1-time and HC-time were reported to have low coefficient of variation values [12, [39] [40] and so our results still need to be confirmed in the future studies under multiple measurements along with the improvement of the equipment design; second, due to the relatively small sample size, we didn't analyze the effect of systemic status on corneal biomechanics in the SSDE group; third, the IOP value in our study was achieved by CorVis ST instead of Goldman applanation tonometry, therefore, the effect of potential corneal collage nose due to SS on Goldman IOP was still unknown; fourth, since a number of factors such as the hydration status of the cornea over time may affect the measurement, it would be interesting to evaluate the diurnal variation of the biomechanics properties by looking at the intraclass correlation coefficient instead of only one measurement between 8 and 11 a.m. in the current study; and fifth, biomechanical properties can be affected by corneal hydration, but in dry eye patients, although no eyedrops were permitted 1d before measurement, it is still difficult to eliminate the influence caused by the use of artificial tears. In summary, the current study showed differences in corneal biomechanical properties between SSDE and NSSDE. The cornea of SSDE tends to show less "stiffness", represented by significantly shorter A1-time and HC-time, but larger DA, compared to the cornea of NSSDE. This finding implies that although both SSDE and NSSDE have been shown to be inflammation related diseases, different clinically relevant corneal biomechanical features could exist, which can be observed by CorVis ST. Our work may contribute to guide ophthalmological interventions and clinical therapy for SSDE and NSSDE patients in the future.
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